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(57) ABSTRACT

A wireless communication apparatus, which 1s designed to
control the output power without using the power control
signal sent from the base station, comprises a high-
frequency power amplifier for transmission, a detection
means which measures the output power of the power
amplifier, and an automatic power control circuit which
controls the output power of the power amplifier based on
information provided by the detection means. The power
amplifier includes an amplitying system which has multiple
amplifying stages and 1s connected between the input and
output terminals, and bias circuits which supply bias volt-
ages to transistors of the respective amplifying stages. The
bias circuits, which supply the bias voltages to the multiple
amplifying stages excluding the last amplifying stage, are
cach made up of multiple resistors. Each of these bias
circuits divides with the resistors the voltage of the entered
power control signal to produce a bias voltage, which has a
linear response to the control signal for low-power mode, to
be fed to the control terminal of the amplifying stage. The
bias circuit which supplies a bias voltage to the last ampli-
fying stage includes a circuit which produces a bias voltage
which has a nonlinear response to the control signal for
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HIGH-FREQUENCY POWER AMPLIFIER,
WIRELESS COMMUNICATION APPARATUS
AND WIRELESS COMMUNICATION
SYSTEM

BACKGROUND OF THE INVENTION

The present mvention relates to a high-frequency power
amplifier (high-frequency circuit module), a wireless com-
munication apparatus which 1ncorporates the high-
frequency circuit module, and a wireless communication
system, and particularly to a wireless communication tech-
nique for controlling the output power of a high-frequency
power amplifier accurately thereby to perform the commu-
nication with a stable output power.

Wireless communication apparatus for mobile telephone
and portable telephone incorporate in their transmission
output stage a power amplifier formed of MOSFETs (Metal

Oxide Semiconductor Field Effect Transistors) and GaAs-
MES (Metal Semiconductor) FE'Ts in cascade connection.

Portable telephone (portable terminal) systems have been
ogenerally designed such that each portable unit varies the
output power to match with the communication environment
in response to the power control signal sent from the base
station thereby to prevent crosstalk with other units.

Trends of high-frequency power amplifiers are described
in publication “Nikkei1 Electronics™, pp. 115-126, published
by Nikke1 BP Corp. on Jan. 27, 1997. The article of this
publication covers the standard scheme of the 900 MHz
cellular portable telephone 1in North America and the GSM
(Global System for Mobile Communications) in Europe.

Another publication “Hitachi Review”, Vol.79, No.11
(1997), pp.63—68, published by Hitachi Review Corp.
includes an article on the high-frequency analog signal
processor IC for the digital cellular GSM/EGSM. This
publication discloses by block diagram a control scheme of
a power amplifier module based on a detected power signal
provided by a directional coupler.

SUMMARY OF THE INVENTION

In a digital portable telephone system (cellular telephone
system) as shown in FIG. 17, a base station 1 sends a power
control signal from its antenna 2 to each mobile terminal unit
(portable telephone unit) 3 having an antenna 4 so that the
unit operates at a minimal transmission power necessary for
communication, thereby to prevent crosstalk with other
units. The power control signal 1s either a high-level power
signal 5 or a low-level power signal 6.

The mobile terminal unit includes an automatic power
control (APC) circuit, which operates in response to the
received power control signal to adjust the output power by
varying a power control signal Vapc to be fed to the control
terminal of the high-frequency power amplifier of the trans-
mission output stage.

The portable telephone unit 1s required to have a high
output gain and efficiency and, at the same time, a low power
consumption at the time of small-power operation. It 1s
difficult to meet these requirements 1n the entire output
power range, and therefore the high-frequency power ampli-
fier 1s currently designed to switch 1n its response charac-
teristics between low-power mode and high-power mode
across a border power level of about 29 dBm, thereby
accomplishing lower power consumption during small-
power operation and higher operational efficiency.

FIG. 18 and FIG. 19 show the circuit arrangement of a
3-stage high-frequency power amplifier including three tran-
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sistors (MOSFETs: Metal Oxide Semiconductor Field Effect
Transistors) in cascade connection. The first-stage transistor

(1stTr), second-stage transistor (2ndTr) and third-stage tran-
sistor (3rd’Ir) are all n-channel NMOS transistors.

The power amplifier receives a high-frequency input
signal RFin on 1ts input terminal 10, which 1s connected to
the gate electrode of the transistor 1stTr via a coupling
capacitor C10. The 1stTr has its drain electrode as output
terminal connected via a coupling capacitor C11 to the gate
clectrode of the 2ndTr, with the drain electrode as output
terminal thereof being connected via a coupling capacitor
C12 to the gate electrode of the 3rdTr (last-stage transistor),
with the drain electrode thereof being connected to an output
terminal 11, which releases a high-frequency output signal

RFEout.

The power amplifier receives on its control terminal 12 a
power control signal Vapc, which 1s delivered to the gate

electrodes as control electrodes of the transistors (1stTr,
2ndTr and 3rdTr). The 1stTr has its gate electrode biased by

the voltage of power control signal Vapc with the rendition
of voltage division by resistors R1 and R2, and the 2ndTr has

its gate electrode biased by the voltage of Vapc with the
rendition of voltage division by resistors R3 and R4.

The 3rdTr has its gate electrode biased by the voltage of
Vapc with the rendition of voltage division by resistors RS
and R6 having resistance values of 10 k* and 30 k*,
respectively, for example, and the further rendition of con-
trol by two transistors Q11 and Q12. The transistor Q11 has
its drain electrode connected to the resistor R6 and 1ts source
clectrode grounded, and operates for switching. The tran-
sistor Q12 has its gate electrode connected to the drain
electrode of the Q11, 1ts drain electrode connected to the
cate electrode of the 3rdTr, and its source electrode
grounded (connected to GND).

The transistors (1stTr,2ndTr and 3rdTr) have their drain

clectrodes connected to a first reference voltage terminal

(power voltage terminal) 13 and supplied with a power
voltage Vdd.

When the terminal unit 3 receives a high-level power
signal from the base station 1, the signal turns on the
transistor Q11, causing the transistor Q12 to have its gate
clectrode pulled to GND. Consequently, the 3rdTr operates
to have a linear high-mode response as shown i FIG. 2.

In contrast, a low-level power signal from the base station
1 does not turn on the transistor Q11 and the transistor Q12
operates by having on 1ts gate electrode the voltage of the
voltage division node of the resistors RS and R6.
Consequently, the 3rdTr operates based on the nonlinear
(saturated) low-mode response as shown in FIG. 2.

On the characteristic graph of FIG. 2, input voltage region
A 15 of low-power mode selected by the low-level power
signal, and 1mput voltage region B 1s of high-power mode
selected by the high-level power signal.

The mventors of the present invention have devised a bias
circuit for making a transition of the 3rdTr gate voltage from
the low-power mode to the high-power mode at a high-
frequency power level of about 29 dBm, 1.€., at a power
control signal Vapc of about 1.25 V, and the present inven-
tion owes to this technique.

Accordingly, an object of this mnvention 1s to provide a
high-frequency power amplifier and a wireless communica-
tion apparatus which are capable of selecting a high-power
mode or low-power mode automatically without using the
power control signal sent from the base station.

Another object of this mvention 1s to provide a high-
frequency power amplifier which 1s capable of controlling
the output power characteristics accurately.
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Still another object of this imvention 1s to provide a
wireless communication apparatus which 1s capable of con-
trolling the output power characteristics accurately, thereby
to perform stable communication.

These and other objects and novel features of the present
invention will become more apparent from the following
description taken in conjunction with the accompanying
drawings.

Among the affairs of the present invention disclosed 1n
this specification, representatives are briefed as follows.

(1) The inventive wireless communication apparatus
comprises a high-frequency power amplifier for
fransmission, a detection means which measures the output
power of the power amplifier, and a power control circuit
(automatic power control circuit) which controls the output
power of the power amplifier based on information provided
by the detection means. The high-frequency power amplifier
includes an amplifying system which has multiple amplify-
ing stages and 1s connected between the input and output

terminals, and bias circuits which supply bias voltages to
transistors of the respective amplifying stages. The bias
circuits, which supply bias voltages to the multiple ampli-
fying stages excluding a first amplifying stage (last ampli-
fying stage), are each made up of multiple resistors. Each of
these bias circuits divides with the resistors the voltage of an
entered power control signal to produce a bias voltage,
which has a linear response to the control signal for low-
power mode, to be fed to the control terminal of the
amplifying stage. The bias circuit which supplies a bias
voltage to the first amplifying stage (last amplifying stage)
includes a circuit which produces a bias voltage which has

a nonlinear response to the control signal for high-power
mode.

The bias circuit for the last amplifying stage 1s made up
of a voltage division circuit which divides the voltage of the
power control signal and delivers the divided voltage to the
control terminal of the last amplifying stage, and a control
fransistor having its control electrode connected to the
voltage division node of the voltage division circuit, 1ts first
clectrode connected to the resistor on the lower voltage side
relative to the voltage division node among the resistors of
the voltage division circuit, and its second electrode
grounded.

In the mventive wireless communication system which
avails for wireless communication among wireless commu-
nication units by way of a base station, the base station does
not have a function of sending a power control signal, and
cach wireless communication unit has a means of control-
ling 1ts power mode without using a remote power control
signal. The power mode control means includes a bias
circuit which supplies a bias voltage to the last amplifying
stage of the high-frequency power amplifier.

The 1nventive wireless communication unit comprises:
a high-frequency power amplifier for transmission;

detection means for measuring the output power of the
power amplifier; and

an automatic power control circuit which controls the

output power of the power amplifier based on infor-

mation provided by the detection means,

the power amplifier including:

an mput terminal;

an output terminal;

a control terminal which receives a power control
signal;

an amplifying system which has multiple amplifying
stages and 1s connected between the mnput terminal
and the output terminal; and
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4

a bias circuit which 1s connected to the control terminal
and adapted to supply a bias voltage, which has a
nonlinear response to the power control signal
received on the control terminal, to the last ampli-
fying stage,

the bias circuit constituting the power mode control
means.

(2) The bias circuit for the last amplifying stage in the

above-mentioned item (1) comprises:

a voltage division circuit which divides with multiple
resistors the voltage of a power control signal and
delivers the divided voltage to the control terminal of
the last amplifying stage;

a control transistor having its control electrode connected
to the voltage division node of the voltage division
circuit, its first electrode connected to the resistor on the
lower voltage side relative to the voltage division node
among the resistors of the voltage division circuit, and
its second electrode grounded; and

a current sensing transistor having its control electrode
connected to the control electrode of the transistor of
the last amplifying stage and releasing a voltage indica-
tive of the sensed current from its first electrode.

According to the above-mentioned arrangement of item
(1),

(a) The high-frequency power amplifier has its bias circuit
for the transistor 3rdIr of the last amplifying stage adapted
to switch the gate voltage characteristics from nonlinear
response to linear response at a power control signal Vapc of
about 1.2 V. This switching operation 1s equivalent to the
switching from low-power mode to high-power mode 1n
response to the power control signal sent from the base
station.

(b) In consequence of item (a), the wireless communica-
tion unit does not need to have a processor for dealing with
the power control signal from the base station and thus can
reduce the number of component parts.

(¢) In contrast to the conventional high-frequency power
amplifier, 1n which the power mode switching circuit 1s
formed by being monolithic on the semiconductor chip of
the power amplifier, the 1nventive high-frequency power
amplifier, which 1s rid of the reception of a power control
signal (power mode control signal), does not need to include
a switching transistor and associated input terminal (pad) on
the semiconductor chip and thus can reduce the chip area.

(d) In consequence of item (c), the semiconductor chip for
the high-frequency power amplifier can be made much
smaller.

(¢) In consequence of item (d), the number of semicon-
ductor chips formed on a semiconductor wafer can be
increased, the production yield can be improved, and the
cost of semiconductor chips can be lowered.

(f) For a wireless communication system in which all
portable telephone units are rid of remote power mode
switching, the base station does not need to transmit a power
control signal and can simplity the facility.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an equivalent circuit diagram of the high-
frequency power amplifier based on a first embodiment of
this 1nvention;

FIG. 2 1s a graph showing the correlation between the
power control signal Vapc and the gate voltage of transistor

3rdTr;

FIG. 3 1s a graph showing the correlation between the
power control signal Vapc and the gate current of transistor

3rdIr;



US 6,605,999 B2

S

FIG. 4 1s a graph showing the correlation between the
power control signal Vapc and the output power of the
high-frequency power amplifier 20;

FIG. 5 1s a graph showing the correlation between the
output power (Pout) and the operational efficiency of the
high-frequency power amplifier 20;

FIG. 6 1s a block diagram showing part of the portable
telephone unit (mobile terminal unit) which includes a
power mode control means as shown i FIG. 1 and a
high-frequency power amplifier having two amplifying sys-
tems,;

FIG. 7 1s an equivalent circuit diagram of the high-

frequency power amplifier based-on a second embodiment
of this invention;

FIG. 8 1s a block diagram showing part of the portable
telephone unit based on the second embodiment;

FIGS. 9(a) and 9(b) are characteristic graphs showing the
correlation between the output power of 3rdIr and the
detection current resulting from different numbers of detec-
tors;

FIG. 10 1s a characteristic graph showing the correlation
between the output power of 3rd'Tr and the detection current
resulting from the provision of the mventive power mode
control means;

FIG. 11 1s an equivalent circuit diagram of the bias circuit
section for 3rdIr 1n high-power mode;

FIG. 12 1s a graph showing the variation of detection
current caused by the fluctuation of Vth m high-power
mode;

FIG. 13 1s an equivalent circuit diagram of the bias circuit
section for 3rdIr 1 low-power mode;

FIG. 14 1s a graph showing the variation of detection
current caused by the fluctuation of Vth in low-power mode;

FIG. 15 1s a graph showing the variation of detection
current caused by the fluctuation of Vth in low-power mode;

FIG. 16 1s a circuit diagram of the [-V conversion circuit
section which 1s a variant of the second embodiment;

FIG. 17 1s a diagram showing an overall wireless com-
munication system including a base station and mobile
terminal unait;

FIG. 18 1s an equivalent circuit diagram of a high-
frequency power amplifier, with a high-level power signal
being fed to the switching transistor; and

FIG. 19 1s an equivalent circuit diagram of a high-
frequency power amplifier, with a low-level power signal
being fed to the switching transistor.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of this invention will be explained 1n detail
with reference to the drawings. Throughout the drawings,
items having identical functions are referred to by same
symbols, and explanation thereof will not be repeated.

Embodiment 1

FIG. 1 through FIG. 7 are diagrams-pertinent to the
high-frequency power amplifier (high-frequency circuit
module) and wireless communication apparatus based on the
first embodiment of this invention. The high-frequency
circuit module mentioned here 1s a module which includes
at least a high-frequency power amplifier (PA).

The high-frequency circuit module (high-frequency
power amplifier) is formed on a wiring board which is
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6

capped to have a thin rectangular solid structure (not
shown). The module has external terminals extending on the
rear surface toward the sides of the wiring board so as to be
a surface-mounted device. The external terminals include an
input terminal, output terminal, control terminal, first refer-
ence voltage terminal (power voltage terminal), and second
reference voltage (ground: GND) terminal. Mounted on the
wiring board 1s a semiconductor chip 1n which transistors are
included, chip resistors and chip capacitors, which are
connected to the external terminals by solder or wires.

The circuit module has a single amplifying system, or has
multiple amplifying systems so as to be adapted to multiple
communication systems. A circuit module including mul-
tiple amplifying systems or including additional functions
has naturally an increased number of external terminals. The
circuit module 1s incorporated 1n a wireless communication
apparatus, ¢.g., portable telephone unit, portable terminal
unit or mobile terminal unit, and used for a cellular tele-
phone system.

FIG. 1 shows schematically the high-frequency power
amplifier of this embodiment. The power amplifier 20 h as
three amplifying stages by including three transistors
(MOSFETSs) in cascade connection. The first-stage transistor
(1stTr), second-stage transistor (2ndTr) and third-stage tran-
sistor (3rd’Ir) are all n-channel NMOS transistors.

The power amplifier 20 receives a high-frequency input
signal RF1n on 1its input terminal 10, which 1s connected to
the gate electrode of the transistor 1stTr via a coupling
capacitor C10. The 1stTr has its drain electrode as output
clectrode connected via a coupling capacitor C11 to the gate
clectrode of the 2ndTr, with the drain electrode as output
clectrode thereof being connected via a coupling capacitor
C12 to the gate electrode of the 3rdTr (last-stage transistor),
with the drain electrode thereof being connected to an output

terminal 11, which releases a high-frequency output signal
REout.

The power amplifier 20 receives on 1ts control terminal 12
a power control signal Vapc, which 1s delivered to the gate
electrodes as control electrodes of the transistors (1stTr,
2ndTr and 3rdTr). The 1stTr has its gate electrode biased by
the voltage of power control signal Vapc with the rendition
of voltage division by resistors R1 and R2, and the 2ndTr has
its gate electrode biased by the voltage of Vapc with the
rendition of voltage division by resistors R3 and R4.

The 3rdIr has 1ts gate electrode biased by the voltage of
Vapc with the rendition of voltage division by resistors R7
and R8 having resistance values of 8§ k* and 15 k¥,
respectively, for example, and the further rendition of con-
trol by a transistor Q15. The transistor Q15 has its gate
clectrode connected to the voltage division node of the
resistors R7 and RS, its drain electrode (first electrode)
connected to the resistor R8, and its source electrode (second
electrode) grounded (connected to GND).

The transistors (1stTr,2ndTr and 3rdTr) have their drain
clectrodes connected to a first reference voltage terminal

(power voltage terminal) 13 and supplied with a power
voltage Vdd.

As shown 1 FIG. 2, the gate voltage of 3rdTr has the
conventional low-mode characteristic in the range of power
control signal Vapc up to about 1.1 V, 1t rises more sharply
in the Vapc range above about 1.1 V, and it resembles the
conventional high-mode characteristic while being lower by
a certain voltage 1n the Vapc range above about 1.25 V.

Input voltage region A in FIG. 2 1s of the gate voltage of
the conventional low-power mode which would be selected
by the power control signal sent from the base station to
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terminal units. However, the power amplifier 20 of this
embodiment can deliver the output power of the low-power
mode based on 1its bias circuit without using the power
control signal sent from the base station. Also for input
voltage region B, the power amplifier 20 can deliver the
output power of the high-power mode based on its bias
circuit without using the power control signal sent from the
base station.

FIG. 3 shows by graph the correlation between the current
of 3rdTr and the voltage of power control signal Vapc, FIG.
4 shows the correlation between the voltage of power
control signal Vapc and the output power of power amplifier
20, and FIG. 5 shows the correlation between the output

power and the operational efficiency of the power amplifier
20.

The Vapc 1s about 1 V for output power of 0 dBm as
shown 1 FIG. 4. The current of 3rdTr at Vapc of 1 V 1n the
conventional high mode 1s about 250 mA as shown 1n FIG.
3, whereas the mnventive power amplifier reduces the current
significantly to about 100 mA, thereby reducing the power
consumption.

Although the characteristic curve of the current of 3rdTr
in the A region by the inventive power amplifier 1s below the
conventional characteristic curve of the high mode on the
oraph of FIG. 2, 1t does not adversely affect the output
power, which 1s close to the conventional characteristic
curve of the high mode as shown m FIG. 4. The operational
ciiiciency of the inventive power amplifier 1s higher than that
of the conventional high mode as shown 1 FIG. §.

FIG. 6 shows by block diagram part of the dual-band
portable telephone unit (mobile terminal unit) which
includes a power mode control means similar to that of the
first embodiment and a high-frequency power amplifier 20a
having two amplifying systems. The part of the unit shown
in this figure ranges from the base-band processor to the
antenna.

The dual-band high-frequency power amplifier 20a has
external terminals (not shown), which include input and
output terminals for a sending system d, a control terminal
for receiving the power control signal Vapc for the power
control of three stages 1, 12 and 13 of an amplifying system
1, Input and output terminals for another sending system e,
a control terminal for receiving the power control signal
Vapc for the power control of three stages k1, k2 and k3 of
another amplifying system k, and power voltage and ground
terminals which are common to the amplifying systems 1 and

k.

The amplifying systems 7 and k have the circuit arrange-
ment shown 1n FIG. 1, with the amplifying stages 11, 12 and
13 and amplifying stages k1, k2 and k3 being formed of three
transistors (1stTr,2ndTr and 3rdTr).

The portable telephone unit 3 includes a base-band signal
processor 25, which 1s connected to a high-frequency signal
processor 26. An antenna 4 1s connected to a duplexer 35.
Two communication systems (sending system d and receiv-
ing system f, and sending system € and receiving system g)
for dual-band communication are located between the base-
band signal processor 25 and the duplexer 35.

One communication system 1s made up of the sending
system d and receiving system f. The sending system d
includes an amplifying system j (amplifying stages j1,j2 and
13) of the dual-band high-frequency power amplifier 20a
connected to the high-frequency signal processor 26, a filter
28d connected to the amplifying system j, and a switch 29d
connected between the filter 284 and the duplexer 35. A
coupler 27d as detection means for measuring the output
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power of amplifying system j 1s connected at the output of
the amplifying system j. The coupler 27d has its output
delivered to an automatic power control circuit (APC) 30d,
which also receives a reference signal from the base-band
signal processor 25. The APC 30d releases an output of input
comparison to the gate electrodes (control electrodes) of the
transistors (1stTr,2ndTr and 3rdTr) of the amplifying stages
11, 12 and ;3 of the amplifying system j.

The receiving system I includes a filter 311 connected to
the switch 294, and a low-noise amplifier (LNA) 32f which

1s connected to the filter 31f and releases its output to the
high-frequency signal processor 26.

Another communication system 1s made up of the sending
system € and receiving system g. The sending system e
includes an amplifying system k (amplifying stages k1, k2
and k3) of the dual-band high-frequency power amplifier
20a connected to the high-frequency signal processor 26, a
f1lter 28¢ connected to the amplifying system k, and a switch
29¢ connected between the filter 28¢ and the duplexer 35. A
coupler 27¢ as detection means for measuring the output
power of amplifying system k 1s connected at the output of
the amplifying system k. The coupler 27¢ has its output
delivered to an automatic power control circuit (APC) 30e,
which also receives a reference signal from the base-band
signal processor 25. The APC 30e releases an output of 1input
comparison to the gate electrodes (control electrodes) of the
transistors (1stTr,2ndTr and 3rdTr) of the amplifying stages
k1, k2 and k3 of the amplifying system k.

The receiving system g includes a filter 319 connected to
the switch 29¢, and a low-noise amplifier (LNA) 32g which
1s connected to the filter 31¢ and releases 1ts output to the
high-frequency signal processor 26.

One of the two communication systems 1s selected for
communication by the duplexer 35. Each communication
system has 1ts switch 294 or 29¢ operated for transmission
or reception by a send/receive switching signal.

This portable telephone unit has its power mode selected
by the bias circuit, instead of using the power control signal
from the base station, to have high-power mode for the
region (region B) above 29 dBm or have low-power mode
for the region (region A) below 29 dBm for example.

Accordingly, in a wireless communication system which
avails for wireless communication among wireless commu-
nication units by way of a base station, each portable
telephone unit 1s equipped with the foregoing power mode
control means, and the base station does not need to transmit
a power control signal and can simplify the facility.

The foregoing first embodiment achieves the following
cifectiveness.

(1) The high-frequency power amplifier 20 has its bias
circuit for the last-stage transistor 3rd1r adapted to switch
the gate voltage characteristics from nonlinear response to
linear response at a power control signal Vapc of about 1.2
V. This switching operation i1s equivalent to the switching
from low-power mode to high-power mode 1n response to
the power control signal from the base station.

(2) In consequence of item (1), the portable telephone unit
(wireless communication unit) does not need to have a
processor for dealing with the power control signal sent
from the base station and thus can reduce the number of
component parts. Consequently, the portable telephone unit
can be reduced 1n size and cost.

(3) In contrast to the conventional high-frequency power
amplifier, 1n which the power mode switching circuit 1s
formed by being monolithic on the semiconductor chip of
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the power amplifier, the inventive high-frequency power
amplifier, which 1s rid of the reception of a remote power
control signal (power mode control signal), does not need to
include a switching transistor and associated mput terminal
(pad) on the semiconductor chip and thus can reduce the
chip area.

(4) In consequence of item (3), the semiconductor chip of
the high-frequency power amplifier can be made much
smaller.

(5) In consequence of item (4), the number of semicon-
ductor chips formed on a semiconductor waler can be
increased, the production yield can be improved, and the
cost of semiconductor chips can be lowered.

(6) For a wireless communication system in which all
portable telephone units are rid of remote power mode
switching, the base station does not need to transmit a power
control signal and can simplity the facility.

Embodiment 2

FIG. 7 and FIG. 8 are diagrams pertinent to the second
embodiment of this invention. This embodiment 1s derived
from the first embodiment, with the former coupler for
measuring the output power of the power amplifier being
replaced with a different detection means. Specifically, the
high-frequency power amplifier (high-frequency circuit
module) is different in that a current sensing circuit 40 is
added to the power amplifier 20 of the first embodiment.

The current sensing circuit 40 1s constituted by the
last-stage transistor 3rdIr and a current sensing transistor
Q17 which 1s formed by being monolithic on the semicon-
ductor chip of 3rdTr. The transistor Q17 has its gate elec-
trode connected to the gate electrode of 3rdTr, its drain
clectrode connected to lead out a detected current to the
external output terminal of the power amplifier, and its
source electrode grounded. The transistor Q17 has a 1/N size
of the 3rdTr. Accordingly, the transistor Q17 has a drain
current which correlates with that of 3rdTr.

The portable telephone unit has an automatic power
control circuit (APC) 30 shown in FIG. 7. It further includes
a current-to-voltage (I-V) conversion circuit 45, which
releases a voltage signal to the APC 30, which evaluates the
difference of the signal from a power specilying signal and
releases a resulting power control signal Vapc.

The I-V conversion circuit 45 1s formed of two PMOS
transistors Q21 and Q22 1n current mirror coniiguration
having their gate electrodes connected together and their
drain electrodes connected commonly to the power voltage
Vdd, and a resistor R1S. The transistor Q22 has 1ts drain
clectrode connected to the drain electrode of the current
sensing transistor Q17. The transistor Q21 has its drain
clectrode connected to the gate electrode of the transistor
Q21 and also to the APC 30, and 1ts source electrode
orounded through a resistor R135.

A d.c. signal (bias voltage) and an a.c. signal received by
the 3rdTr are also fed to the gate electrode of the current
sensing transistor Q17, which then conducts a drain current
correspondingly to the 3rdTr. This drain current is converted
into a voltage across the resistor R15 in the I-V conversion

circuit 45, and 1t 1s fed back to the APC 30.

The APC 30 releases a power control signal Vapc, which
1s responsive to the variation of current of the 3rdlr, to
control the multi-stage transistors of the high-frequency
power amplifier 20b, thereby accomplishing the same
response characteristics as the first embodiment shown 1in

FIG. 2.
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FIG. 8 shows by block diagram part of the dual-band
portable telephone unit based on this embodiment. This
block diagram differs from the block diagram of FIG. 6 1n
that the couplers are absent, the amplifying systems 7 and k
of the power amplifier 20b are connected directly to the
filters 28d and 28¢, and the drain currents of the current
sensing transistors Q177 and Q17k, which are connected on
their gate electrodes to the gate electrodes of 3rd Tr of the last
amplifying stages 13 and k3 of amplifying systems 7 and Kk,
are converted 1nto voltages and fed back to the APCs 30d
and 30e.

This portable telephone unit 3 can control the output
power automatically without using the power control signal
sent from the base station, and 1s capable of performing
satisfactory communication while conserving power.

The following describes the result of examination on the
current sensing schemes,with reference to FIGS. 9(a) and
9(b) through FIG. 15. FIGS. 9(a) and 9(b) show on char-
acteristic graphs the correlation between the output power of
3rdTr and the detection current resulting from different
numbers of detectors. FIG. 9(a) is the case of using two
detectors selectively for two power ranges, and FIG. 9(b) is

the case of using one detector to measure the output power
of 3rdTr.

The scheme of using one of two detectors depending on
the power level yields a large current variation (Al) per unit
power, enabling the accurate measurement of detection
current.

The inventive portable telephone unit having a power
mode control means achieves the response characteristics
which comprehend the two-detector scheme to some extent
as shown 1n FIG. 10. Although the sensitivity of detection 1n
low-power range 1s not so good as the two-detector scheme,
it does not fall sharply and i1s within the practical range.
Consequently, the need of switching the detectors depending,
on the power level 1s eliminated.

In regard to the disparity of part characteristics, the
following compares the conventional unit having high-
power mode and low-power mode and the inventive unit
based on automatic mode control. In the high-power mode,
in which the gate voltage 1s derived from the Vapc voltage
divided by resistors as shown m FIG. 11, a variation of
threshold voltage Vth due to the temperature or the like
results directly 1n a variation of drain current Id and thus 1n
a variation of detection current.

The transistor 3rdTr 1s saturated at a large output power,
and therefore the variation of detection current becomes
smaller as shown 1 FIG. 12. At a small output power, the
transistors 3rd'Tr and Q15 and the current sensing transistor
Q17 form a current mirror circuit as shown 1n FIG. 13, and
the transistors 3rdTr and Q17 have their drain currents Id
and Isense less atfected by the temperature-caused variation

of Vth as shown 1n FIG. 14.

FIG. 14 shows the correlation between the output power
and the detection current in low-power mode. Two charac-
teristic curves have a small distance from each other, indi-
cating a non-zero variation depending on the value of Vth.

FIG. 15 shows the variation of detection current of the
case of the inventive automatic mode control. The two
characteristic curves indicate a non-zero variation also 1n
this case.

It will be appreciated from the foregoing that the mmven-
five scheme of automatic mode control 1s 1mmune to the
sharp fall of detection sensitivity, and accordingly it can
climinate the need of switching the detectors. In addition,
the inventive scheme of automatic mode control makes the
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variation of 3rdTr drain current Id smaller, and accordingly
the variation of drain current Isense of the current sensing
transistor Q17 1s also smaller.

FIG. 16 shows the I-V conversion circuit section which 1s
a variant of the second embodiment. The I-V conversion
circuit 45a i1s made up of a differential amplifier 46 and a
resistor R25 connected between the two mput terminals of
the amplifier 46. The differential amplifier 46 has 1ts positive
input terminal connected to the power voltage Vdd and its
negative mput terminal connected to the drain electrode of
the current sensing transistor Q17. The amplifier 46 releases
an output voltage, which is fed back to the APC (not shown).

This variant embodiment performs the automatic mode
control, which 1s equivalent to the switching from low-
power mode to high-power mode 1n response to the power
control signal from the base station, in response to the
variation of power control signal Vapc, as 1n the case of the
preceding second embodiment.

Although the specific embodiments of the present inven-
fion have been explained, the present invention 1s not
confined to these embodiments, but can be altered exten-
sively without departing from the essence of the mmvention.

For example, field effect transistors used for the ampli-

fying stages of the foregoing embodiments can be replaced
with silicon bipolar transistors, S1GeFETs, GaAs-MESFETs,

high electron mobility transistors (HEMT), or hetero-bipolar
transistors (HBT), while achieving similar effectiveness.

The major effectiveness achieved by the present invention
1s briefed as follows.

(1) The inventive high-frequency power amplifier and
wireless communication apparatus are capable of selecting
the high-power mode or low-power mode automatically
without using the power control signal sent from the base
station. Specifically, the inventive portable telephone unit
does not need to have a processor for dealing with the power
control signal from the base station and thus can reduce the
number of component parts. Accordingly, the inventive
portable telephone unit can be reduced m size and cost.

(2) The inventive compact and inexpensive high-
frequency power amplifier can control the output power
characteristics accurately.

(3) The mventive wireless communication apparatus can
control the output power characteristics accurately to per-
form stable communication.

(4) In the inventive wireless communication system in
which all portable telephone units units are rid of remote
power mode switching, the base station does not need to
transmit a power control signal and can simplify the facility.

What 1s claimed 1s:

1. A high-frequency power amplifier, comprising:

an 1put terminal;

an output terminal;

a control terminal which receives a power control signal;

an amplifying system which has multiple amplifying
stages and 1s connected between said input terminal and
said output terminal; and

a bias circuit which 1s connected to said control terminal
and adapted to supply a bias voltage, which has a
nonlinear response to the power control signal received
on said control terminal, to a first amplifying stage
connected to said output terminal among said multiple
amplifying stages,

wherein said bias circuit includes:

a voltage division circuit which divides the voltage of
the power control signal and delivers a divided
voltage to the control terminal of said first amplify-
ing stage;

10

15

20

25

30

35

40

45

50

55

60

65

12

a control transistor having its control electrode con-
nected to the voltage division node of said voltage
division circuit, its first electrode connected to the
resistor on the lower voltage side relative to the
voltage division node of said voltage division circuit,
and 1its second electrode grounded; and

a current sensing transistor having its control electrode
connected to the control electrode of the transistor of
said first amplifying stage and releasing from its first
clectrode a voltage signal indicative of the value of
a sensed current.

2. A wireless communication apparatus, comprising:

a high-frequency power amplifier for transmission;

detection means for measuring the output power of said
power amplifier; and

a power control circuit which controls the output power of
said power amplifier based on information provided by
sald detection means,
said power amplifier including:
an 1mnput terminal;
an output terminal;

a control terminal which receives a power control
signal;

an amplifying system which has multiple amplifying,
stages and 1s connected between said input terminal
and said output terminal; and

a bias circuit which 1s connected to said control termi-
nal and adapted to supply a bias voltage, which has

a nonlinear response to the power control signal

received on said control terminal, to a first amplify-

ing stage, which 1s connected to said output terminal,
among said multiple amplifying stages,

wherein said bias circuit of said high-frequency power
amplifier includes:

a voltage division circuit which divides with mul-
tiple resistors the voltage of the power control
signal and delivers a divided voltage to the control
terminal of said first amplifying stage;

a control transistor having its control electrode con-
nected to the voltage division node of said voltage
division circuit, its first electrode connected to the
resistor on the lower voltage side relative to the
voltage division node of said voltage division
circuit, and 1ts second electrode grounded; and

a current sensing transistor having its control elec-
trode connected to the control electrode of the
transistor of said first amplifying stage and 1its first
clectrode releasing a sensed current.

3. Awireless communication system for performing wire-
less communication among wireless communication appa-
ratus by way of a base station, said base station having no
facility of transmitting a power control signal to said wire-
less communication apparatus, said wireless communication
apparatus each having power mode control means for con-
trolling the power mode without using the power control
signal,

wheremn said wireless communication apparatus each
include:

a high-frequency power amplifier for transmission;

detection means for measuring the output power of said
power amplifier; and

a power control circuit which controls the output power of
said power amplifier based on information -provided by
said detection means,
said power amplifier including:
an mnput terminal;
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an output terminal;

a control terminal which receives a power control
signal;

an amplifying system which has multiple amplifying
stages and 1s connected between said mput terminal
and said output terminal; and

a bias circuit which 1s connected to said control termi-
nal and adapted to supply a bias voltage, which has
a nonlinear response to the power control signal
received on said control terminal, to a first amplify-
ing stage, which 1s connected to said output terminal,
among said multiple amplifying stages,

said bias circuit constituting said power mode control
means.

4. A wireless communication system according to claim 3,
wherein said detection means includes a coupler which
measures the output power of said high-frequency power
amplifier and releases an output signal to said power control
circuit.

5. Awireless communication system according to claim 3,
wherein said detection means includes a current sensing,
fransistor having its control electrode connected to the
control electrode of a transistor included 1n said first ampli-
fying stage of said high-frequency power amplifier and
having 1ts output current converted into a voltage and fed to
said power control circuit.

6. A high-frequency power amplifier comprising;:

an 1nput terminal;
an output terminal;
a control terminal which receives a power control signal;

an amplifying system which has a plurality of amplifiers
and which 1s coupled between said input terminal and
said output terminal; and

a bias circuit which 1s coupled to said control terminal and
to said amplifying system and which includes a first
resistance element having a first node and a second
node, a second resistance element having a first node
coupled to the second node of the first resistance
clement and a second node, and a first transistor having
a gate coupled to the second node of the first resistance
clement, a first electrode coupled to the control termi-
nal via the first resistance clement and the second
resistance element, and a second electrode for receiving
a predetermined voltage, wherein a voltage according
to the power control signal 1s generated from the
second node of the first resistance element, and wherein
the bias circuit provides a voltage according to the
generated voltage to the amplifying system as a bias
voltage without recerving a mode signal for indicating,
one of a lower power mode 1n which the high-
frequency power amplifier 1s capable of outputting a
lower level than a predetermined value and a high
power mode 1n which the high-frequency power ampli-
fier 1s capable of outputting a higher level than the
predetermined value.

7. A high-frequency power amplifier according to claim 6,
wherein the plurality of amplifiers includes a first amplifier
having an output node coupled to the output terminal and an
input node, and a second amplifier coupled between the
input node of the first amplifier and the input terminal,
wherein said bias voltage 1s applied to the first amplifier.

8. A high-frequency power amplifier according to claim 7,
wherein the first amplifier includes a second transistor
having a gate which 1s coupled to the mput node and to
which the bias voltage 1s applied from the bias circuit and an
clectrode coupled to the 1mnput node.
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9. A high-frequency power amplifier according to claim 8,
wherein said bias circuit includes a voltage dividing circuit
which receives the power control signal and provides a
divided power control signal to the second amplifier as a bias
voltage.

10. A high-frequency power amplifier according to claim
9, wherein the first electrode of the first transistor 1s coupled
to the second node of the second resistance element, and
wherein each of the first transistor and the second transistor
1s a MOSFET.

11. A high-frequency power amplifier according to claim
10, wherein the generated voltage 1s applied to the gate of
the second transistor as the bias voltage.

12. A high-frequency power amplifier according to claim
9, further comprising:

a third transistor having a gate coupled to the gate of the
second transistor; and

a power control signal generating circuit which receives
an output signal from the third transistor and a power
indicating signal and which generates the power control
signal 1n accordance with difference between the output
signal of the third transistor and the power indicating
signal.

13. A high-frequency power amplifier according to claim

12, wherein each of the first transistor, the second transistor
and the third transistor 1s a MOSFET, and wherein the output
of the third MOSFET corresponds to a current that tlows

between the drain and source of the first MOSFET.
14. A high-frequency power amplifier comprising:

an 1nput terminal;
an output terminal;
a control terminal which receives a power control signal;

an amplifying system which has a plurality of amplifiers
and which 1s coupled between said mput terminal and
said output terminal; and

a bias circuit which 1s coupled to said control terminal and
to said amplifying system and which includes a tran-
sistor having a gate, a first electrode and a second
clectrode for receiving a predetermined voltage, and a
resistance element having a first node coupled to the
gate of the transistor and a second node coupled to the
first electrode of the transistor, wherein a voltage
according to the power control signal 1s generated from
the first node of the resistance element 1n response to
applying the power control signal to the gate of the
transistor, and wherein the bias circuit provides a
voltage according to the generated voltage to the ampli-
fying system as a bias voltage without receiving a mode
signal for indicating one of a low power mode 1n which
the high-frequency power amplifier 1s capable of out-
putting a lower level than a predetermined value and a
high power mode 1n which the high-frequency power
amplifier 1s capable of outputting a higher level than the
predetermined value.

15. A high-frequency power amplifier according to claim
14, wherein the plurality of amplifiers includes a first
amplifier having an output node coupled to the output
terminal and an input node, and a second amplifier coupled
between the mput node of the first amplifier and the input
terminal, wherein said bias voltage 1s applied to the first
amplifier.

16. A high-frequency power amplifier according to claim
15, wherein the first amplifier includes a second transistor
having a gate which 1s coupled to the input node an to which
the bias voltage 1s applied from the bias circuit and an
clectrode coupled to the output node.
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17. A high-frequency power amplifier according to claim
16, wherein said bias circuit includes a voltage dividing
circuit which receives the power control signal and provides
a divided power control signal to the second amplifier as a
bias voltage.

18. A high-frequency power amplifier according to claim

17, wherein each of the first transistor and the second
transistor 1s a MOSFET.

19. A high-frequency power amplifier according to claim
18, wherein the generated voltage 1s applied to the gate of
the second transistor as the bias voltage.

20. A wireless communication apparatus comprising;:

a high-frequency power amplifier;

detection means for measuring an output power of the
high-frequency power amplifier; and
a power control circuit which controls the output power of
the high-frequency power amplifier based on an output
of the detection means,
wherein the high-frequency power amplifier comprises:
an mnput terminal;
an output terminal;
a control terminal which receives a power control
signal from the power control circuit;
an amplifying system which has a plurality of ampli-
fiers and which 1s coupled between said 1nput ter-
minal and said output terminal; and
a bias circuit which 1s coupled to said control terminal

and to said amplifying system and which includes a
first resistance element having a first node and a
second node, a second resistance element having a
first node coupled to the second node of the first
resistance element and a second node, and a first
transistor having a gate coupled to the second node
of the first resistance element, a first electrode
coupled to the control terminal via the first resistance
element and the second resistance element, and a
second electrode for receiving a predetermined
voltage, wherein a voltage according to the power
control signal 1s generated from the second node of
the first resistance element, and wherein the bias
circuit provides a voltage according to the generated
voltage to the amplifying system as a bias voltage
without receiving a mode signal for indicating one of
a low power mode 1n which the high-frequency
power amplifier 1s capable of outputting a lower
level than a predetermined value and a high power
mode 1n which the high-frequency power amplifier 1s
capable of outputting a higher level than the prede-
termined value.

21. A wireless communication apparatus according to
claim 20, wherein the plurality of amplifiers includes a first
amplifier having an output node coupled to the output
terminal and an input node, and a second amplifier coupled
between the mput node of the first amplifier and the input
terminal, wherein said bias voltage 1s applied to the first
amplifier.

22. A wireless communication apparatus according to
claim 21, wherein the first amplifier includes a second
transistor having a gate which 1s coupled to the mput node
and to which the bias voltage 1s applied from the bias circuit
and an electrode coupled to the output node.

23. A wireless communication apparatus according to
claim 22, wherein said bias circuit includes a voltage divid-
ing circuit which receives the power control signal and
provides a divided power control signal to the second
amplifier as a bias voltage.

24. A wireless communication apparatus according to
claim 23, wherein the first electrode of the first transistor 1s
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coupled to the second node of the second resistance element,
and wheremn each of the first transistor and the second
transistor 1s a MOSFET.

25. A wireless communication apparatus according to
claim 24, wherein the generated voltage 1s applied to the
cgate of the second transistor as the bias voltage.

26. A wireless communication apparatus comprising:

a high-frequency power amplifier;

detection means for measuring an output power of the
high-frequency power amplifier; and
a power control circuit which controls the output power of

the high-frequency power amplifier based on an output

of the detection means,

wherein the high-frequency power amplifier comprises:

an nput terminal;

an output terminal;

a control terminal which receives a power control
signal from the power control circuit;

an amplifying system which has a plurality of ampli-
fiers and which 1s coupled between said nput ter-
minal and said output terminal; and

a bias circuit which 1s coupled to said control terminal
and to said amplifying system and which includes a
transistor having a gate, a first electrode and a second
clectrode for receiving a predetermined voltage, and
a resistance element having a first node coupled to
the gate of the transistor and a second node coupled
to the first electrode of the transistor, wherein a
voltage according to the power control signal is

generated from the first node of the resistance ele-
ment 1 response to applying the power control
signal to the gate of the transistor, and wherein the
bias circuit provides a voltage according to the
generated voltage to the amplifying system as a bias
voltage without receiving a mode signal for indicat-
ing one of a low power mode 1n which the high-
frequency power amplifier 1s capable of outputting a
lower level than a predetermined value and a high
power mode 1n which the high-frequency power
amplifier 1s capable of outputting a higher level than
the predetermined value.

27. A wireless communication apparatus according to
claim 26, wherein the plurality of amplifiers includes a first
amplifier having an output node coupled to the output
terminal and an 1nput node, and a second amplifier coupled
between the mput node of the first amplifier and the input
terminal, wherein said bias voltage 1s applied to the first
amplifier.

28. A wireless communication apparatus according to
claim 27, wherein the first amplifier includes a second
transistor having a gate which 1s coupled to the mnput node
and to which the bias voltage 1s applied from the bias circuit
and an electrode coupled to the output node.

29. A wireless communication apparatus according to
claim 28, wherein said bias circuit includes a voltage divid-
ing circuit which receives the power control signal and
provides a divided power control signal to the second
amplifier as a bias voltage.

30. A wireless communication apparatus according to
claim 29, wherein each of the first transistor and the second
transistor 1s a MOSFET.

31. A wireless communication apparatus according to
claim 30, wherein the generated voltage 1s applied to the
cgate of the second transistor as the bias voltage.

32. A wireless communication system comprising:

a base station and a wireless communication apparatus
which performs wireless communication with the base
station,




US 6,605,999 B2

17

wherein the base station has no function for outputting a
mode signal which indicates one of a low power mode
in which the wireless communication apparatus 1s
capable of outputting a lower level than a predeter-
mined value and a high power mode 1n which the
wireless communication apparatus 1s capable of out-
putting a higher level than the predetermined value, and

wherein the wireless communication apparatus com-

PriSes:

a power control circuit which provides a power control
signal;

an mnput terminal;

an output terminal;

a control terminal which receives the power control
signal;

an amplifymng system which has a plurality of ampli-
fiers and which 1s coupled between said input ter-
minal and said output terminal; and

a bias circuit which 1s coupled to said control terminal
and to said amplifying system and which includes a
first resistance element having a first node and a
second node, a second resistance element having a
first node coupled to the second node of the first
resistance element and a second node, and a first
transistor having a gate coupled to the second node
of the first resistance element, a first electrode
coupled to the control terminal via the first resistance
element and the second resistance element, and a
second electrode for receiving a predetermined
voltage, wherein a voltage according to the power
control signal 1s generated from the second node of
the first resistance element, and wherein the bias
circuit provides a voltage according to the generated
voltage to the amplifying system as a bias voltage.

33. A wireless communication system, according to claim
32, wherein the plurality of amplifiers includes a first
amplifier having an output node coupled to the output
terminal and an input node, and a second amplifier coupled
between the mput node of the first amplifier and the input
terminal, wherein said bias voltage 1s applied to the first
amplifier.

34. A wireless communication system according to claim
33, wherein the first amplifier includes a second transistor
having a gate which 1s coupled to the mput node and to
which the bias voltage 1s applied from the bias circuit and a
first electrode coupled to the output node.

35. A wireless communication system according to claim
34, wheremn said bias circuit includes a voltage dividing
circuit which receives the power control signal and provides
a divided power control signal to the second amplifier as a
bias voltage.

36. A wireless communication system according to claim
35, wherein the first electrode of the first transistor is
coupled to the second node of the second resistance element,
and wherein each of the first transistor and the second
transistor 1s a MOSFET.

J7. A wireless communication system according to claim
36, wherein the generated voltage 1s applied to the gate of
the second transistor as the bias voltage.

38. A wireless communication system according to claim
37, wherein the power control circuit mncludes means for
forming the power control signal according to difference
between a power 1ndication signal and an output power level
of the amplifying system.

39. A wireless communication system according to claim
37, wherein the power control circuit mncludes means for
forming the power control signal according to difference
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between a power indication signal and a current that flows
between the first electrode and a second electrode of the
second transistor.
40. A wireless communication system comprising:
a base station and a wireless communication apparatus
which performs wireless communication with the base
station,

wherein the base station has no function for outputting a
mode signal which indicates one of a low power mode
in which the wireless communication apparatus 1s
capable of outputting a lower level than a predeter-
mined value and a high power mode 1n which the
wireless communication apparatus 1s capable of out-
putting a higher level than the predetermined value, and
wherein the wireless communication apparatus com-

PIISES:

a power control circuit which provides a power
control signal;

an 1mnput terminal;

an output terminal;

a control terminal which receives a power control
signal from the power control circuit;

an amplifying system which has a plurality of ampli-
fiers and which 1s coupled between said input
terminal and said output terminal; and

a bias circuit which 1s coupled to said control ter-
minal and to said amplifying system and which
includes a transistor having a gate, a first electrode
and a second electrode for receiving a predeter-
mined voltage, and a resistance element having a
first node coupled to the gate of the transistor and
a second node coupled to the first electrode of the
fransistor, wherein a voltage according to the
power control signal 1s generated from the first
node of the resistance element in response to
applying the power control signal to the gate of the
transistor, and wherein the bias circuit provides a
voltage according to the generated voltage to the
amplifying system as a bias voltage.

41. A wireless communication system according to claim
40, wherein the plurality of amplifiers i1ncludes a first
amplifier having an output node coupled to the output
terminal and an 1nput node, and a second amplifier coupled
between the mput node of the first amplifier and the input
terminal, wherein said bias voltage 1s applied to the first
amplifier.

42. A wireless communication system according to claim
41, wherein the first amplifier includes a second transistor
having a gate which 1s coupled to the iput node and to
which the bias voltage 1s applied from the bias circuit and a
first electrode coupled to the output node.

43. A wireless communication system according to claim
47, wherein said bias circuit includes a voltage dividing
circuit which receives the power control signal and provides
a divided power control signal to the second amplifier as a
bias voltage.

44. A wireless communication system according to claim
43, wherein each of the first transistor and the second
transistor 1s a MOSFET.

45. A wireless communication system according to claim
44, wherein the generated voltage 1s applied to the gate of
the second transistor as the bias voltage.

46. A wireless communication system according to claim
45, wherein the power control circuit includes means for
forming the power control signal according to difference
between a power indication signal and an output power level
of the amplifying system.




US 6,605,999 B2
19 20)

47. A wireless communication system according to claim between the first electrode and a second electrode of the
46, wherein the power control circuit includes means for second transistor.

forming the power control signal according to difference
between a power indication signal and a current that flows k% & ok ok
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